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Have the Results of Infrainguinal Bypass Improved with the 
Widespread Utilisation of Postoperative Surveillance? 
J. Golledge*, D. K. Beattie, R. M. Greenhalgh and A. H. Davies 
Department of Surgery, Charing Cross and Westminster Medical School, Fulham Palace Road, London W6 8RF, U.K. 
Objectives: The objectives of this study were to assess the impact of Duplex surveillance on the results of infrainguinal 
vein grafts. A review has been performed comparing the outcome of vein grafts undergoing Duplex surveillance plus 
prophylactic treatment of stenoses to that of vein grafts followed clinically. 
Design, patients and methods; Only studies providing information on occlusion rates were included. Mortality and limb 
salvage rates were also analysed but were not available from all studies. 
Results; 2680 surveillance and 3969 non-surveillance vein grafts were analysed. There was no significant difference 
between the two groups with respect o presence of critical ischaemia (p = 0.3) and level of distal anastomosis (p > 0.5). 
Surveillance identified 493 stenoses in 469 (19%) grafts, 397 (16%) grafts were treated by surgery (24& 62%) and 
angioplasty (149; 38%). Ninety-eight (26%) grafts developed recurrent stenoses. 
Total number of deaths, total number of occluded grafts and number of occlusions after 30 days were significantly greater 
for the non-surveillance group (p < 0.001; p < 0.001; p < 0.01). Perioperative occlusion rates were not significantly 
different (p = 0.1). Few surveillance studies reported limb salvage rates (6 of 17). The numbers of amputations were not 
significantly different between the two groups (p > 0.5). 
Conclusions: The patency of infrainguinal vein grafts would appear to be improved as a result of surveillance. Howevel; 
no improvement in limb salvage has been demonstrated. 
Key Words: Femoropopliteal bypass; Duplex; Surveillance. 
Introduction 
Over the last decade there has been great interest in 
improving the results of infrainguinal bypass. Better 
preoperative imaging of inflow and run off vessels has 
been achieved using Duplex imaging and digital 
12 subtraction angiography." Monitoring of technical 
success by completion angiography and duplex has 
been widely deployed. 3 However, the principal area of 
interest has been the post-operative surveillance of 
vein grafts in order to detect and treat stenoses 
threatening graft patency. 4-6 Given that approximately 
5600 infrainguinal bypasses are performed annually in 
the U.K., the work load and funding required for this 
is considerable. 7 In order to justify this it is important 
to demonstrate improved results. This study reviews 
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the results of published series of infrainguinal vein 
grafts undergoing duplex surveillance in comparison 
to a similar series prior to surveillance. 
Patients and Methods 
Published series of vein grafts were identified using 
MEDLINE. Published series of vein grafts from 1987 
to 1995 undergoing Duplex surveillance were 
included if the number of graft occlusions or patency 
rates were stated. Series including combinations of 
vein grafts and prosthetic grafts were not included if it 
was impossible to separate the outcome of the vein 
and prosthetic grafts. A similar number of vein grafts 
were identified which had not been followed by 
surveillance from 1971 to 1990. The method of 
defining occlusion in these studies, while it is not 
always stated, will clearly have varied between 
clinical, Doppler measured ankle pressure, duplex and 
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Table 1. Vein graft stenoses identified and treated in surveillance series 
Stenosed Body 
Reference Grafts Follow-up grafts Proximal graft Distal Grafts treated Surgery : pta Recurrences 
Grigg et al 8 80 12 19 7 10 2 5 4:01 NG 
Wolfe et aI 9 43 12 12 5 3 4 7 7:00 NG 
Berkowitz et al 1° 102 60 19 15 3 3 19 2:17 5 
Bandyk et a111 192 18 20 7 8 6 20 17:03 4 
Bartlett et a112 20 10 2 2 0 0 2 1:01 0 
Bandyk et a113 250 48 55 21 20 23 55 52:3 13 
Berkowitz et a114 521 120 109 29 61 19 72 17:55 23 
Disselhoff et a115 77 12 16 1 15 0 12 12:00 1 
Thompsoneta116 110 13 14 4 4 7 14 4:10 11 
Mills et a117 379 21 48 18 23 8 48 46:2 2 
Moody et a118 63 12 15 2 9 7 8 0:08 0 
Brennan eta119 39 7 18 8 8 4 15 3:12 1 
Bandyk et al 2° 396 12 83 29 41 15 83 71:12 28 
Sayers et a121 78 36 NG NG NG NG 
London et a122 112 19 30 8 7 18 28 4:24 10 
Harris et a123 162 36 NG NG NG NG 
Lundell et a124 56 36 9 4 2 3 9 8:01 NG 
Total 2680 40 469 (19%) 160 (32%) 214 (43%) 119(24%) 397 (16%) 248:149 98 (26%) 
NG=Not given. 
Table 2. Results of infrainguinal bypass in surveillance series 
Tota l  Perioperative Sudden 
Reference Grafts Follow-up Deaths occlusions occlusions occlusion Amputation 
Grigg et aI 8 80 12 NG 12 5 4 NG 
Wolfe et al 9 43 12 4 9 4 4 NG 
Berkowitz et al 1° 102 60 44 25 NG NG 11 
Bandyk et al 1~ 192 18 24 21 6 3 15 
Bartlett et a112 20 10 NG 1 NG NG 1 
Bandyk et a113 250 48 7 (30d) 32 7 3 NG 
Berkowitz et a114 521 120 NG 126 31 NG NG 
Disselhoff et a115 77 12 NG 16 NG NG NG 
Thompson et al ~6 110 13 7 5 NG NG 5 
Mills et a117 379 21 NG 26 NG 7 NG 
Moody et a# 8 63 12 NG 2 NG 0 NG 
Brennan et a119 39 7 NG 0 NG NG NG 
Bandyk et al 2° 396 12 17 8 NG NG NG 
Sayers et a121 78 36 NG 33 28 NG 25 
London et a122 112 19 NG 28 23 3 NG 
Harris et a123 162 36 NG 48 NG NG 28 (36) 
Lundell et a124 56 36 0 (30d) 11 3 8 NG 
Total 2680 40 96 (11%)* 403 (15%) 107 (8%) 32 (2.7%) 85 (13%) 
NG=Not given. 
*The total number of deaths excludes the 30 day mortality figures. 
angiography. Seventeen survei l lance and 26 non-  
survei l lance ve in  graft series were inc luded in the 
study, g iv ing a total of 6257 vein grafts. As a measure 
of the degree of ischaemia rest pa in  and  gangrene 
were grouped together (classed as critical ischaemia) 
and  compared to claudication. 
The publ icat ions were scrut inised and the f indings 
documented  on a computer  spreadsheet (Microsoft 
Excel) for further analysis (Tables 1-3). 
Results 
There were 2680 duplex survei l lance and 3969 non-  
survei l lance vein grafts. The f indings of survei l lance 
are summar ised  in Table 1. Survei l lance identi f ied 493 
stenoses in 469 (19%) grafts. 160 (32%) were in the 
inf low or proximal  anastomosis,  214 (43%) were in the 
body  of the graft and  119 (24%) were at the distal 
anastomosis  or run  off. Three hundred  and ninety-  
seven (85%) stenosed grafts were treated, 248 (62%) by  
surgery and  149 (38%) by percutaneous t rans lumina l  
angioplasty. Ninety-e ight  (26%) grafts developed 
recurrent stenoses. Despite the survei l lance sudden 
occlusion (occlusion fo l lowing a normal  scan) was 
reported in 32 cases. 
Compar ison of the two groups was per formed us ing 
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Table 3. Results of infrainguinal bypass in non surveillance series 
Perioperative Total 
Reference Grafts Follow-up Deaths occlusions occlusions Amputations 
Naji et a125 100 60 21 3 27 3 
Naji et a126 100 60 29 10 42 25 
Sonnenfeld et aI ~7 146 36 19 3 16 8 
Jarrett et a128 23 23 3 4 8 4 
HaUin et a129 34 24 6 2 9 4 
Denton et al 3° 50 36 5 8 12 6 
Hobson et a131 46 30 8 2 10 13 
Bennion et a132 51 18 5 7 25 15 
Deweese t a133 113 40 38 29 43 25 
Weisel et a134 85 48 4 4 21 NG 
Grirnley et a135 329 60 47 20 98 76 
Hickey et a136 239 60 108 25 43 NG 
Miller et a137 156 80 40 2 28 2 
Taylor et a138 110 60 29 2 9 5 
Leather et a139 89 30 15 3 9 4 
LoGerfo et al 4° 154 60 24 7 31 21 
Batson et al 4I 33 24 0 2 4 0 
Leather et a142 183 36 6 (30d) 4 16 10 
Darling et a143 345 60 64 20 87 12 
Dean et a144 115 6 NG NG 37 NG 
Deweese t a145 113 60 49 27 45 24 
Reichle et a146 369 60 108 55 109 NG 
Veith et a147 56 14 2 3 11 16 
Harris et a148 204 36 NG 27 43 NG 
McCollum et a149 549 36 86 66 172 37 
Buddet al 5° 177 60 NG NG 102 45 
Total 3969 49 718 (20%) 335 (9%) 1057 (27%) 357 (12%) 
NG=Not given. 
Table 4. Comparison of the outcome of infrainguinal vein bypass with and without Duplex surveillance 
No surveillance Surveillance Significance 
Critical ischaemia (n) 2842 (3969) 1342 (1838) 
Femoropopliteal: crural (n) 2049:1365 1216:800 
In situ: reversed (n) 1144:2725 1366:1314 
Mean follow-up months (range) 49 (7-120) 40 (6~80) 
Deaths (n) 718 (3677) 96 (843) 
Perioperative occlusions (n) 335 (3677) 107 (1332) 
Total occlusions (n) 1057 (3969) 403 (2680) 
Occlusions >1 month (n) 583 (3677) 165 (1332) 
Sudden occlusions (n) - -  32 (1175) 
Amputations (n) 357 (2842) 85 (664) 
Chi-squared=l.3; p=0.3 
Chi-squared=0.04; p>0.5 
Chi-squared=307; p<0.001 
Chi-squared=32.3; p<0.001 
Chi-squared=2.32; p=0.1 
Chi-squared=126; p<0.001 
Chi-squared=9.0; p<0.01 
Chi-squared=0.01; p>0.5 
the Ch i -squared test wi th  Yates coefficient correction, sl
wi th  signif icance taken at the 0.01 level. There was  no 
signif icant difference between the two groups wi th  
respect to number  of pat ients wi th  critical i schaemia 
and level  of distal  anastomosis  (Table 4). However ,  a 
s ignif icant ly greater number  of the survei l lance vein 
grafts were per fo rmed by  the in s i tu technique (Chi- 
squared = 307, df = 1, p < 0.001). Mean fo l low-up was  
longer  for the non-survei l lance group at 49 months  
compared  to 40 months  for the survei l lance group.  
Both total  number  of deaths and  occ luded grafts 
were s igni f icant ly greater for the non-surve i l lance 
group  (Chi -squared --32.3, df = 1, p < 0.001; chi- 
squared = 126, df  = 1, p < 0.001). Fur ther  analys is  
showed that on ly  eight of the 17 survei l lance series 
had  inc luded per ioperat ive  occlusions in their  results. 
A l low ing  for this, the number  of per ioperat ive  occlu- 
sions (within 30 days)  was  not s igni f icant ly dif ferent 
between the two groups  (Chi -squared =2.32, d f= 1, 
p--0.1). However ,  the number  of occlusions after 30 
days  was  s igni f icant ly greater  in the non-surve i l lance 
group (Chi -squared =9.0, df  = 1, p < 0.01). 
On ly  six of the 17 survei l lance compared  to 20 of the 
26 non-surve i l lance s ries gave detai ls  of amputat ions .  
A l low ing  for this, above or be low-knee  amputat ion  
was  requ i red  in 85 (13%) of 664 survei l lance pat ients  
and  357 (12%) of 2842 non-surve i l lance pat ients  (Chi- 
squared  = 0.01, df = 1, p > 0.5). 
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Discussion 
The principals of meta-analysis include analysing 
randomised patients and therapies with a defined end 
point, s2'53 In this review it has not been possible to 
strictly adhere to these principals since only one 
randomised study has been performed to date. 24 
Additional difficulties in performing this review have 
included difficulty in extracting accurate data, com- 
parison of different groups and the variety of tech- 
niques that must have been used to define occlusion. 
Hence the importance of comparing the definite end 
point of limb salvage or amputation. However, since 
this outcome measure is rarely documented in surveil- 
lance series, this has been extremely difficult. Both the 
surveillance and non-surveillance series include two 
series by the same author (surveillance: Berkowitz 1°'14 
and Bandyk et al. 11"13, non-surveillance: Naji et al. 25'26 
and Leather et al. 39"42) attempts were made to ensure 
that there was no repetition of patients: the patients 
groups were analysed with respect o number and 
patient characteristics, e.g. the two groups presented 
by Naji et al. were clearly different since in one group 
all patients presented with claudication 25and in the 
second group all patients presented with critical 
ischaemia. 26 While it was more difficult to be sure 
there was no repetition of patients in the publications 
by Berkowitz et al. 1° and Bandyk et aI. 13 findings for 
these two series are in keeping with the summated 
results (Table 2: total grafts for two series (294) of 
which 46 (15%) occluded). 
Other problems with this comparison include the 
different time periods over which the two groups 
come from. This is partially reflected in the different 
techniques used, in situ bypass being more commonly 
employed in the surveillance group. Although, it has 
been shown that the outcome of in situ and reversed 
bypass are similar. 48 Another difficulty has been in 
comparing the degree of ischaemia in the two groups. 
This is important since the outcome of bypass for 
claudication compared to that for gangrene is sig- 
nificantly better. 25'26 In order to have some measure of 
ischaemia, rest pain and gangrene have been grouped 
together as critical ischaemia nd compared to claudi- 
cation. Despite these listed difficulties, it was felt that 
a review was required in order to help establish the 
requirement for a large randomised study. 
Controversy exists about the benefits of Duplex 
surveillance of infrainguinal grafts. While grafts 
stenoses can be identified accurately by Duplex, 19 
which grafts will go on to occlude and therefore 
should be revised is less clear. 54 Thus it is difficult to 
justify surveillance simply on the basis of a sig- 
nificantly better secondary compared to primary- 
assisted and primary patency. 
There have been a few small studies comparing 
surveillance to clinical follow-up of infrainguinal 
grafts. Most have used historical controls. 18 One 
prospective study has been performed, however, the 
numbers were small. 24 Lundell et  al. 24 showed a 
significant improvement in secondary patency but no 
improvement in amputation rate for the surveillance 
group. The results of this meta-analysis are in agree- 
ment with those of Lundell et al. The decreased 
number of graft occlusions in the surveillance group 
would appear to be related to the effects of surveil- 
lance, since it is principally the period beyond one 
month which is affected. 
The cost of running a surveillance programme is 
considerable. It has been estimated that in order to 
make the surveillance programme cost effective limb 
salvage would need to be improved by 5%.s5 Thus it is 
disappointing to find that the numbers of amputations 
were not significantly different between the two 
groups. The importance of auditing the results of 
surveillance needs to be emphasised and in particular 
the numbers of amputations. 
In conclusion, despite the discussed ifficulties in 
analysing this review, it would appear that whilst the 
patency of infrainguinal vein grafts is improved by 
surveillance, no improvement can be demonstrated 
with respect o limb salvage rates. 
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